In this paper, the dependence of the broad Fe Kα line on the physical parameters of AGN, such as the black hole mass M BH , accretion rate (equivalently represented by Eddington ratio λ Edd ), and optical classification, is investigated by applying the X-ray spectra stacking method to a large sample of AGN which have well measured optical parameters. A broad line feature is detected (> 3σ ) in the stacked spectra of the high λ Edd sub-sample (log λ Edd > −0.9). The profile of the broad line can be well fitted with relativistic broad line model, with the line energy consistent with highly ionized Fe Kα line (i.e. Fe XXVI). A model consisting of multiple narrow lines cannot be ruled out, however. We found hints that the Fe K line becomes broader as the λ Edd increases. No broad line feature is shown in the sub-sample of broadline Seyfert 1 (BLS1) galaxies and in the full sample, while a broad line might be present, though at low significance, in the sub-sample of narrow-line Seyfert 1 (NLS1) galaxies. We find no strong dependence of the broad line on black hole masses. Our results indicate that the detection/properties of the broad Fe Kα line may strongly depend on λ Edd , which can be explained if the ionization state and/or truncation radius of the accretion disc changes with λ Edd . The non-detection of the broad line in the BLS1 sub-sample can be explained if the the average EW of the relativistic Fe Kα line is weak or/and the fraction of sources with relativistic Fe Kα line is small in BLS1 galaxies.
INTRODUCTION
Observational evidences of a broad Fe Kα line feature are found in the X-ray spectra of some active galactic nuclei (AGN), such as MCG-6-30-15 (Tanaka et al. 1995; Fabian et al. 2002; Miniutti et al. 2007 ), NGC 3516 (Turner et al. 2002; Markowitz et al. 2006 ), 1H 0707-495 (Fabian et al. 2009 ) and others (Miller 2007; Nandra et al. 2007 ). The broad Fe Kα line is generally believed to originate from the inner region of the accretion disc via the K-shell fluorescence process, and to be broadened due to the Doppler boosting, gravitational redshift and the transverse Doppler effect (Fabian et al. 1989) . The energy at which the "red" wing of the broad line truncates is directly linked to the inner radius of the accretion disc that is commonly thought to be at the innermost stable circular orliuzhu@nao.cas.cn (ZL) bit (ISCO). The spin of the black hole, which is related to the ISCO through a monotonic relation (Bardeen et al. 1972) , can be inferred by modeling the broad Fe Kα line profile (Brenneman & Reynolds 2006; Dauser et al. 2010 ).
Besides its mass, an astrophysical black hole is completely characterized by its spin. The distribution of the black hole spin may yield important insights into the growth history and accretion process of supermassive black holes (SMBH). For instance, models in which SMBH growth is dominated by BH-BH mergers can lead to a bimodal distribution with one peaked at 0 and the other located at ∼ 0.7, whereas growth via gas accretion predicts a rapidly spinning or a slowly spinning population depending upon whether the BHs gain their masses via prolonged accretion or chaotic accretion (Moderski & Sikora 1996; Volonteri et al. 2005) . Moreover, spin also determines the radiative efficiency, which is the mass-to-energy conversion efficiency, and thus influences how efficiently BHs accrete mass during the accretion phase. Black hole spin can also be a potent energy source, and may drive the powerful relativistic jets that are seen from many BH systems through the Blandford-Znajek mechanism (Blandford & Znajek 1977) .
There have been several studies for charactering the broad Fe Kα line and measuring the spin of SMBH based on relativistic reflection spectra in the literature (e.g. Nandra et al. 2007; De La Calle Pérez et al. 2010; Patrick et al. 2012; Walton et al. 2013 ). However, a significantly broad Fe Kα line is detected in only < 50 per cent of the sources in previous studies with different samples. In total, detections of the broad Fe Kα line are reported in the X-ray spectra of ∼ 46 AGNs. Among those, about 22 sources have reliable spin measurements (Reynolds 2013; Brenneman 2013; Reynolds 2014 ), making it difficult to draw any robust statistical inferences on the distribution of BH spin.
The reason for the lack of apparent relativistic broad Fe Kα line in the X-ray spectra of some AGN is still unclear. Observationally, one possible explanation is the low signal-to-noise (S/N) of the X-ray data for the majority of AGN. As demonstrated in Mantovani et al. (2014) , the broad Fe Kα line is revealed in the composite X-ray spectrum of IC 4329A observed by Suzaku, while it is absent in each individual observation due to the low S/N of the data. Indeed, to determine accurately the continuum spectrum and to reveal unambiguously the Fe Kα line profile, a large number of X-ray photons collected at high energies is required (De La Calle Pérez et al. 2010; Nandra et al. 2007; Mantovani et al. 2014) . Theoretically, the strength of the line is a function of the geometry of the accretion disc, which determines the solid angle subtended by the reflecting matter as seen by the X-ray source. It also depends on the elemental abundances of the reflecting matter, the inclination angle at which the reflecting surface is viewed, and the ionization state of the surface layers of the disc. Bhayani & Nandra (2011) analyzed a sample of 11 Seyfert galaxies observed by XMM-Newton that appear to be missing a broad Fe Kα line. They argued that the lack of apparent relativistic Fe Kα line can be explained if this feature becomes indistinguishable from the underlying continuum, as a result of a combination of several effects, e.g. blending and Comptonization in an ionized disc, strong relativistic effects and, in some cases, a high disc inclination. Calculations have also shown that the ionization state of the accretion disc, which will affect the observed line energy as well as the line equivalent width (EW) of the broad line (Matt et al. 1993; Nayakshin 2000) , depends strongly on the accretion rate. Thus a correlation between the properties of the broad Fe Kα line and the accretion rate is expected. Such a correlation has been reported in Inoue et al. (2007) , although a relativistic line is statistically not required by their data.
In order to investigate the correlation between the properties of the broad Fe Kα line and the physical parameters of AGN, a homogeneously selected sample of AGN with well measured optical parameters is preferred. The virial BH mass M BH of AGN can be estimated through the empirical relations using the emission line widths and continuum luminosities (Kaspi et al. 2005; Shen 2013 ). The Eddington ratio λ Edd is given by λ Edd = L bol /L Edd , where the L Edd is defined as L Edd = 1.26 × 10 38 (M BH /M ). The bolometric luminosity L bol is usually estimated from the integration of the broadband spectral energy distribution (SED) or from a single band assuming a bolometric correction. The M BH and λ Edd for individual sources or small samples in previous studies (e.g. Inoue et al. 2007) were derived using different data analysis methods, BH mass estimation formalisms and/or heterogeneous data sets. Because of the lack of large homogeneously selected samples with high S/N X-ray data and well measured optical parameters, it is still unclear how is the appearance/property of the broad Fe Kα line dependent on the physical properties of AGN.
X-ray spectral stacking is an effective way to obtain composite spectra with very high S/N. A broad relativistic Fe Kα line is found in the stacked spectra of the Lockman Hole field using XMMNewton observations (Streblyanska et al. 2005) . However, while a narrow line is significantly detected, the broad line is not clearly seen in the stack spectra of different samples in previous studies (Corral et al. 2008; Chaudhary et al. 2010 Chaudhary et al. , 2012 Iwasawa et al. 2012; Falocco et al. 2013) . The relativistic Fe Kα line is detect at 6σ using a sample with high S/N observed with XMM-Newton in Falocco et al. (2014) . They pointed out that the low average S/N of the spectra, which make the continuum not to be well determined, can explain the low significance of the broad line in previous works. The non-detection of the broad line in the average spectra, which are obtained using samples including sources with diverse properties, can also be interpreted if the property of the relativistic line is highly dependent on one or more physical parameters of AGN. By applying the same rest-frame X-ray spectral stacking method (Corral et al. 2008; Falocco et al. 2012 ) to a sample of NLS1 galaxies, Liu et al. (2015) found that there exists a prominent broad Fe Kα line in the composite X-ray spectrum. They suggested that broad Fe Kα line is perhaps common in AGN with high λ Edd (e.g. NLS1 galaxies). The average properties of the relativistic Fe Kα line for a uniform selected BLS1 galaxies sample have not been explored yet, even though a broad Fe Kα line is detected in several BLS1 galaxies.
In this paper, using a large homogeneously selected sample of AGN which have well measured M BH and λ Edd , we investigate how the detection/property of the broad Fe Kα line depends on the physical parameters, such as the M BH , λ Edd , and optical classification of AGN, by means of X-ray spectral stacking. We use the cosmological parameters H 0 = 70 km s −1 Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73. All quoted errors correspond to the 90 per cent confidence level for one interesting parameter, unless specified otherwise.
SAMPLE AND DATA REDUCTION
We compiled a sample of type-1 AGN that have XMM-Newton observations from an optical selected broad line AGN catalogue (Dong et al. 2012 ). This optical catalogue, being the parent sample of the intermediate mass black hole (IMBH) AGN sample of Dong et al. (2012) , consists of 8862 objects at z ≤ 0.35 that were homogeneously selected from the Sloan Digital Sky Survey Data Release 4 (SDSS-DR4; Adelman-McCarthy et al. 2006) . The sources in the optical catalogue were matched to the third generation XMMNewton Serendipitous Source Catalogue (3XMM-DR5) using a searching radius of 5 arcsec. We selected those having more than 60 net source counts detected with either the EPIC pn or the combined MOS detectors in the rest-frame 2-10 keV band. In total, the sample includes 156 sources that have 212 XMM-Newton observations. Some sources have multiple observations; for them we do not find significant variability, and each of their observations is treated as an independent source. The distribution of rest-frame 2 − 10 keV photon counts is shown in Fig. 1 .
The optical data analysis
The details of the optical data analysis can be found in Dong et al. (2012) . The main procedures to fit the continua and emission line profiles are summarized here. Many SDSS spectra have a significant contribution from host galaxy starlight, because of a relatively large fiber aperture of 3 arcsec in diameter. To remove the starlight, six synthesized galaxy spectral templates ) are used to model the host galaxy starlight . Two separate sets of analytic templates (Veron-Cetty et al. 2004; Dong et al. 2008 ) are adopted to model the narrow-line and broad-line Fe II emission, respectively. The profiles of all the other emission lines are fitted using the method described in detail in Dong et al. (2005) . Basically, each line (narrow or broad) is fitted incrementally with as many Gaussians as statistically justified. The formalism presented by Greene & Ho (2007) , which makes use of the luminosity and FWHM of the broad Hα line, is adopted to calculate the M BH for the sources. The bolometric luminosity is estimated by assuming 
Sub-samples
We define our sub-samples on the basis of their physical properties, i.e. a) four M BH sub-samples: MBH1 sample (log M BH < 7.1); MBH2 (7.1 < log M BH < 7.6); MBH3 (7.6 < log M BH < 8.1) and MBH4 sample (log M BH > 8.1), b) three λ Edd sub-samples: low λ Edd sample (log λ Edd < −1.4); medium λ Edd (−1.4 < log λ Edd < −0.9) and high λ Edd (log λ Edd > −0.9), and c) two subsamples with different optical classifications: the NLS1 (defined as FWHM Hα < 2000 km s −1 , M BH < 2.0 × 10 6 M ) and BLS1 (FWHM Hα > 2000 km s −1 ) sub-samples. Sources with M BH < 2.0 × 10 6 M (e.g. intermediate mass black holes, IMBH, see Greene & Ho 2007; Dong et al. 2008) , which may have different properties from NLS1 (Ai et al. 2010) , are excluded from our NLS1 sub-sample. Except for the NLS1 and BLS1 sub-samples, all the other sub-samples are selected in a way that the stacked spectra have similar S/N. The details of each sub-sample can be found in Table 1 . The columns are: (1) median redshift; (2) median 2-10 keV luminosity in unit erg s −1 ; (3) median M BH ; (4) median λ Edd ; (5) number of sources, some sources have multiple observations, each of their observation is treated as an independent source; (6) number of spectra, pn and MOS spectra are counted independently; (7) median rest-frame 2 − 10 keV photon counts; (8) total rest-frame 2 − 10 keV net photon counts
The X-ray data reduction
The Observation Data Files (ODFs) of all the XMM-Newton observations are obtained from the XMM-Newton public archive data. The ODFs are reduced using the XMM-Newton Sciences Analysis System (SAS) version 14.0 (Gabriel et al. 2004 ). We use the SAS tasks EMCHAIN and EPCHAIN to produce the event lists for the European Photon Imaging Camera (EPIC) pn (Strüder et al. 2001) and MOS (Turner et al. 2001 ) detectors, respectively. Flaring background periods are identified and excluded using the SAS task ESPFILT. The source spectra are extracted from each individual observation using a circular region, of which the radius is in the range of 15-40 arcsec according to the S/N and the off-axis angle of the detection. X-ray events with pattern ≤ 12 for MOS and ≤ 4 for pn are used to extract the X-ray spectra. The background spectra of the EPIC MOS camera are extracted from a source-free concentric annulus or circles with roughly the same off-axis angle located on the same CCD chip as the sources, while the background spectra of the pn camera are extracted from circular regions centered at the same CCD read-out column as the source positions. The SAS tasks RMFGEN and ARFGEN are used to generate the redistribution matrix and the ancillary file. In order to increase the S/N, the two MOS spectra of each observation are combined when are available.
X-RAY SPECTRAL STACKING OF THE SAMPLE
Spectral stacking is an effective way to obtain a composite spectrum with very high signal-to-noise (S/N) for a certain sample selected on the basis of their physical properties. It is useful to reveal spectral features in the composite spectrum, such as the broad Fe Kα line, which can be too weak to be detected in individual sources.
Spectral stacking method
In general, the measured X-ray spectra of different sources and instruments, which are a result of the convolution of the source spectra with the instrumental responses, cannot be co-added directly. In this work, we adopted a rest-frame stacking method presented in Corral et al. (2008 , see also Falocco et al. 2012 ) to stack the Xray spectra of the sources in our sample. The main procedures are outlined here.
(i) Determining the source continuum: For each source, the observed pn and MOS (if both are available) are jointly fitted with a simple power-law modified by Galactic and possible intrinsic absorption. The spectrum below 2 keV is excluded to avoid possible contamination from the soft X-ray excess. The 5-7 keV energy range is ignored to exclude contribution from potential Fe Kα emission line features. The Galactic absorption column density is fixed at the Galactic value given by Kalberla et al. (2005) for each source. In this way, the best fitted continuum model is obtained and the L 2−10 keV for each source is calculated.
(ii) Unfolding the spectrum: The source spectrum before entering the telescope can be reconstructed with the instrumental effects eliminated by unfolding the observed spectrum with the calculated conversion factors from the best-fit model. This is done by using the XSPEC command EUFSPEC.
(iii) Rescaling: The unfolded spectra are corrected for both the Galactic and intrinsic absorption effects and de-redshifted to the source rest frame. Following Corral et al. (2008) , we rescale the spectra so that they have the same rest frame 2-5 keV fluxes.
(iv) Rebin: The de-redshifted and rescaled rest-frame spectra should be rebinned before stacking. To construct a new, unified bin scale, we group the rescaled spectrum of each source with a bin width of 100 eV.
(v) Stacking: We obtain the stacked spectrum by averaging the rebinned and rescaled spectra using the simple arithmetic mean. The errors are calculated using the propagation of errors.
The emission line feature and its significance
The rest-frame 2-10 keV stacked spectra for each sub-subsample are shown in Figs. 3 (the M BH sub-samples), 4 (the λ Edd subsamples) and 5 (the NLS1-BLS1 sub-samples). The stacked spectra are marked with blue points. The ratio of the data to a best-fitting power-law continuum is also included in each plot (bottom panel). An emission line feature peaking at around 6.4 keV, which must be the neutral Fe Kα line, is clearly shown in all the stacked spectra. Moreover, indication of a broad emission line feature in the 6-7 keV energy range is also found in the stacked spectra of the high λ Edd . No significant absorption feature is found in the stacked spectra.
We carry out simulations to construct the confidence intervals for the underlying continua of the composite spectra, as well as to estimate the significances of the Fe Kα emission feature. Following Liu et al. (2015 , see also Corral et al. 2008 Falocco et al. 2012) , we simulate 100 spectra using XSPEC for each of the sources in our sample, using the best-fitting continuum spectrum model. The exposure time, auxiliary and response matrix files for the sources in the sample are used in the simulations. By applying the same stacking method to the simulated spectra, we generate 100 stacked spectra for each sub-sample. We roughly estimate the 1σ and 2σ confidence intervals by calculating the 2ed, 16th, 84th, 98th percentile values in each energy bin, which are shown as gray and dark gray shadowed areas in Fig. 3-5 . It is clear that the 6.4 keV emission features are detected at 2 σ level in all the stacked spectra of the sub-samples, while indications of the broad emission features are shown in the stacked spectra of the high λ Edd and NLS1 subsamples. As shown in Fig. 4 , at least 8 adjacent data points in the 6 −7 keV region of the high λ Edd sub-sample fall at or out of the 2σ confidence levels. The probability that the broad line profile arises from statistical fluctuations is small, i.e. < 4 × 10 −11 (P < 0.05 8 ).
We further investigate whether the profile of a narrow line can be significantly affected by the instrument effects and the stacking method. To examine this, we generate a series of observed spectra with high S/N using a model consisting of a power-law and an unresolved Gaussian line (σ = 1 eV, EW = 200 eV). The central energy of the line is fixed at the Fe K emission line region, e.g. 6.4 − 6.97 keV (Fe I − Fe XXVI). We also simulate spectra using the same method but with the line energy fixed at values between 3 and 9 keV, in steps of 1 keV. The same stacking method is then applied to the simulated spectra. We find that the line width of the 6.4 − 6.97 keV Gaussian profile in the simulated stacked spectrum will be σ ≈ 90 eV. These results are consistent with the conclusions reached by previous studies (Corral et al. 2008; Iwasawa et al. 2012; Falocco et al. 2013; Falcke et al. 2004; Liu et al. 2015) . To account for the line broadening effect, we convolve the models in the spectral fits with a Gaussian smoothing (gsmooth in XSPEC, see Section 3.3). For each sub-sample the line widths at energies between 3 and 9 keV are estimated from the simulated average spectra. Following Falocco et al. (2014) , we compute the line width as a power-law function of the line energy. The two parameters in the gsmooth, the line width at 6 keV and the power-law index, can be found in Table 2 (∑ 6 keV and α) for each sub-sample. In addition to the Fe K emission lines, unidentified line features are also shown in some of the stacked spectra. In most cases they are present in the E > 7 keV energy band where the S/N is low. These line features can be due to systematical uncertainties of the data.
X-ray spectra modeling
We use XSPEC (version 12.8) to fit all the stacked spectra. We use the FTOOLS task FLX2XSP to convert the flux spectra into fits format which can be fitted using XSPEC. We define a base-line model consisting of a power-law continuum and a Gaussian line with the line energy as free parameter, i.e. gsmooth⊗(po+gaussian) in XSPEC. The line width is fixed at 1 eV if its best-fitting value is consistent with an unresolved line (e.g. close to 0 eV). The significance of the Gaussian component is assessed by comparing the change in χ 2 between the best-fitting χ 2 value with line flux as free parameter and that with the line flux fixed at 0. The ∆χ 2 for each sub-sample is list in Table 2 . The line is significantly detected (> 99.7%) in all sub-samples. The slightly lower significance in NLS1 (∆χ 2 = 9.9) may be due to the weak EW of the narrow line (see Section 3.3.3) as well as the much lower S/N (see Table 1 ).
The M BH sub-samples
The stacked spectra of the MBH2, MBH3 and MBH4 sub-samples can be well fitted with the base line model, while a second Gaussian component is added to the baseline model to account for the ionized emission line features peaked at around 6.7 keV in the stacked spectra of the MBH1 sub-sample. The ionized line in the stacked spectrum of MBH1 is unresolved, thus the line width is fixed at 1 eV. The best-fitting line energy is 6.66 Table 2 ). The line width of the Gaussian component is 106 +79 −61 eV in the stacked spectra of MBH3. This may be an indication a broad line profile (∼ 2σ , ∆χ 2 = 4.7 if fixed the line width at 0 eV). The best-fitting photon index of the power-law continuum for MBH4 is quite flat, i.e. Γ = 1.59 ± 0.05. As shown in Fig. 2 , the majority of the sources in the MBH4 sub-samples have low λ Edd (λ Edd = −1.58). Thus the flat power-law continuum in MBH4 is expected and is in agreement with the value obtained using the empirical Γ − λ Edd relation (e.g. Risaliti et al. 2009; Brightman et al. 2013 ).
The λ Edd sub-samples
The baseline model can fit the stacked spectra well (see Table 2 ). It clearly shows a positive correlation between Γ and λ Edd . This is consistent with the results found in previous studies (e.g. Lu & Yu 1999; Shemmer et al. 2006; Risaliti et al. 2009; Brightman et al. 2013) , though a flatter relation at high λ Edd (e.g. ≥ 1.0) has been suggested by Ai et al. (2010 , see also Kamizasa et al. 2012 . The Gaussian line is consistent with an unresolved neutral Fe Kα line in the low λ Edd sub-sample. The best-fitting line width in the medium λ Edd sub-sample is 58 eV with an upper limit of 125 eV. The line is not significantly broad (< 68%, ∆χ 2 = 0.7 if fixing line width at 0 eV) and it is still consistent with an unresolved line. A broad line is only significantly detected (> 99.9%, ∆χ 2 = 14.52 if the line width is fixed at 0 eV) in the stacked spectrum of the high λ Edd sub-sample. Below we fit the broad line profile with relativistically broadened line models as well as other models.
The large line width of the Gaussian component, i.e. > 219 eV, in the stacked spectrum of the high λ Edd sub-sample is an indication of a relativistic broad Fe Kα line. We fit the stacked spectrum with a broad line model by adding a relline component (Dauser et al. 2010 ) to the baseline model, i.e. the other parameters are fixed at the default values. The inner radius of the accretion disc is fixed at the ISCO for the current value of BH spin a (i.e. the value of the Incl parameter in the relline model equals to −1, assuming the disc extends down to the ISCO), while the outer radius of the accretion disk is fixed at 400 r g . We assumed that the disc is illuminated by an isotropic primary source, thus the value of the limb parameter is fixed at 0. The emissivity index of the disc is fixed at 3. The inclination of the accretion disc cannot be well constrained. As most type 1 AGNs are believed to have an inclination angle in the range of 10 − 60 • , and thus we fix the inclination angle at 30 • in the fitting. This model can fit the data well (χ 2 /d.o.f = 77.99/73, see Table 3 and Fig. 6 ). The broad line component is significantly detected (> 99.9, ∆χ 2 = 18.14 if the flux of the relline component if fixed at 0). In Fig. 7 , the ∆χ 2 contours for the normalization parameters of the gaussian and relline components are shown. The narrow and broad line components can only be simultaneously constrained at 1σ confidence level. The zero value of the relline component is excluded at 3σ level, however. The low significance may be due to the weak EW of the narrow line component (59
+44
−45 eV, see below). The best-fitting line energies of the narrow and broad line components are E NL = 6.46 ± 0.10 keV and E BL = 6.90 +0.14 −0.16 keV, respectively. The spin parameter cannot be well constrained and only an upper limit, a < 0.63, can be given. The flux of the relline is 4.4 +2.0 −1.8 ( +1.6 −1.1 ) × 10 −3 photons cm −2 s −1 (the 1σ uncertainty is quoted in the parenthesis). The equivalent widths of the narrow 
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−230 eV, respectively. The equivalent width of the narrow line component is slightly weaker than that in the low and medium λ Edd . This is consistent with the anti-correlation between the EW of the narrow Fe Kα line and the λ Edd found in previous stuedies (e.g. Bianchi et al. 2007; Shu et al. 2010; Ricci et al. 2013 ). The best-fitting line energy of the broad line may be affected by the inclination of the accretion disc. We thus fit the spectrum with the disc inclination fixed at a range of values, from 15 • to 60 • with a step of 5 • . We find that the best-fitting line energy is consistent with a neutral Fe Kα line only if the disc inclination is larger than 45 • . However, it is unlikely that the average disc inclination for type-1 AGN will be larger than 45 • (e.g. Marin 2014) , assuming that the axes of the accretion disc and the torus are aligned. Thus a highly ionized accretion disc is preferred in this work. Theoretical calculations have shown that the accretion disc may be significantly ionized for large values of accretion rate (Matt et al. 1993; Nayakshin 2000) . Observation evidences for an ionized accretion disc have also been reported in previous studies, especially for AGN with high λ Edd (e.g. NLS1s, Ballantyne et al. 2001; Liu et al. 2015) , though most of the sources with broad line detection are consistent with a neutral disc. Adding one more narrow Gaussian component to the model (to account for the emission line feature peaking at ∼ 6.7 keV, see Fig. 6 ) does not improve the fitting significantly (∆χ 2 = 1.57 with 2 d.o.f).
As a more self-consistent approach, we fit the data with a smeared ionized reflection model by convolving the reflionx (Ross & Fabian 2005 ) model with relconv (Dauser et al. 2010) , i.e. gsmooth⊗(po+gaussian+relconv⊗reflionx). The line width of the narrow line is fixed at 1 eV. The line energy can not be well constrained and thus is fixed at its best-fitting value E NL = 6.48 keV. The iron abundance parameter in the reflionx is fixed at solar value, while the photon index of the illuminating spectrum is linked to the value of the power-law continuum. Only the BH spin is free parameter in the relconv component. This model can fit the data well (χ 2 /d.o.f = 77.63/74, see Table 3 ). The best-fitting ionization parameter is ξ = 49 The average spectrum can also be fitted by adding two Gaussian components to the base line model (see Table 3 ), i.e. gsmooth⊗(po+gaussian+gaussian+gaussian) (referred to as Case B hereafter). The central line energies of the two Gaussian components are fixed at 6.67 and 6.97 keV, respectively. The line widths of the neutral and 6.67 keV Fe Kα line are fixed at 1 eV. The best-fitting line width of the 6.97 keV line is 206 eV.
The NLS1 and BLS1 sub-samples
The base line model cannot fit the spectrum of the BLS1 subsample well. This is mainly due to features at low energy band (E 4 keV) which can be introduced by the stacking method, as pointed out in Corral et al. (2008) . The best-fitting line width is 57
+61
−57 eV, consistent with an unresolved line. No significant broad emission feature is found in the 6 − 7 keV energy band. The equivalent width of the narrow emission line is 100 +27 −25 eV, in agreement with previous studies (e.g. Corral et al. 2008; Shu et al. 2010; Falocco et al. 2012 Falocco et al. , 2013 .
A highly ionized emission line peaking at around 6.9 keV is clearly shown in the stacked spectrum of the NLS1 sub-sample (left panel This may be an indication of a broad Fe Kα line (not significant, ∆χ 2 = 2.9 for an additional degree of freedom). Liu et al. (2015) found a prominent broad Fe Kα line in the average Xray spectrum of a NLS1 sample selected from the catalogues built by Zhou et al. (2006) and Veron-Cetty & Veron (2006) . We try to fit the spectrum with a relativistic broad line model, i.e. gsmooth⊗(po+gaussian+relline). The line energy of the narrow line cannot be constrained, thus it is fixed at its best-fitting value E NL = 6.43 keV. The line energy and the spin are free parameters in the relline model. This model can fit the data well (χ 2 /d.o.f = 71.79/73). The ∆χ 2 contours for the normalization parameter of the narrow and broad line components are shown in Fig.  8 . It is clear that the two components cannot be well constrained simultaneously. This may be due to the much lower S/N of the NLS1 sub-sample (see Table 1 ) and the low EW of the narrow line component (48 +56 −48 eV). The spin parameter is found to be a < 0.53. The best-fitting line energy of the broad line is E BL = 6.86 A broad line feature, which is detected at > 3σ level (∆χ 2 = 18.14 with one additional d.o.f, see Section 3.3.2) and can be well fitted with a relativistic Fe Kα line model (Case A, see Section 3.3.2), is revealed in the high λ Edd sub-sample, while no significant broad line features are found in the low and medium λ Edd sub-samples. The broad line feature in the high λ Edd sub-sample can also be fitted with multiple Gaussian components (Case B, see Section 3.3.2). The line energy of the broad line in Case A is consistent with a highly ionized Fe Kα line, assuming that the average inclination of the accretion disc is less than 45 • for type-1 AGN (see Section 3.3.2). There is an indication that the line width of the Fe Kα line becomes broader as the λ Edd increases, as shown in Fig. 4 and Table  2 , consistent with the results presented in Inoue et al. (2007) . We should note that the relation between the λ Edd and the properties of the broad Fe Kα line may be even stronger considering that the uncertainties in the estimates of λ Edd can potentially weaken the relation.
A highly ionized emission line is shown in the average spectrum of a sample with high λ Edd in Iwasawa et al. (2012 , see also Liu et al. 2015 . As suggested by Iwasawa et al. (2012) , the narrow ionized emission line found in their sample can be produced by outflow/winds from accretion disc. This can also explain the highly ionized emission line shown in Case B of our high λ Edd subsample. However, the highly ionized line (E BL ≈ 6.94 keV, corresponding to Fe XXVI) should be originated from the accretion disc if it is a relativistic broad line as in Case A. In this case the results can be interpreted by the fact that the ionization state of the disc will be higher when the λ Edd goes up (Inoue et al. 2007 ). Theoretical calculations have shown that the ionization state of the accretion disc becomes higher as the mass accretion rate increases, producing highly ionized Fe K emission line, e.g. Fe XXV/XXVI (Matt et al. 1993; Nayakshin 2000) . The equivalent width of the fluorescence line will change with the ionization state of the accretion disc: due to the resonant trapping opacity, the equivalent width of the Fe K line will first decrease, then increase strongly when the iron is more ionized than Fe XXIII, reaching a maximum value of ∼ 500 eV for very high ionization state (e.g. ξ ∼ 2000). This is consistent with the measured equivalent width of the broad line in the stacked spectrum of the high λ Edd sub-sample. On the contrary, the equivalent width of the Fe Kα line will be small, e.g. < 200 eV for a neutral or low-ionization accretion disc, which can explain the non-detection of the broad line in the low and medium λ Edd sub-samples (see Sec. 4.2) .
Alternatively, in case A the results can also be interpreted if the truncation radius of the accretion disc is strongly dependent on the λ Edd . It has been suggested that the optically thick physically thin accretion disc, which exists at the low λ Edd regime, terminates beyond the ISCO and the inner region is filled with a hot advectiondominated accretion flow(ADAF, e.g. Narayan & Yi 1994 , 1995 . This model has been widely used as a mechanism for explaining state changes in X-ray binaries (XRB, e.g. Esin et al. 1997; Done et al. 2007 ). Spectral evidence for disc truncation has found in XRB (e.g. Esin et al. 2001; Done & Diaz Trigo 2010) and some radioloud AGN (Marscher et al. 2002; Lohfink et al. 2013) . The nondetection of the relativistic line is expected if indeed the disc is truncated at larger radius for AGN with low λ Edd , as the case for our low and medium λ Edd sub-samples. On one hand, the profile of the emission line, as well as the reflection spectrum will not be significantly blurred by the relativistic effect at large radius. On the other hand, both the emissivity index, which is thought to be larger at the inner part of the accretion disc, and the region that is illuminated by the power-law continuum will decrease if the accretion disc is terminated at large radius, thus the strength and the equivalent width of the emission line will be weak.
Broad Fe Kα line in NLS1 and BLS1 galaxies
In addition to the neutral Fe Kα line, a highly ionized emission line feature is clearly shown in the average spectrum of the NLS1 subsample (Fig. 5) . The best-fitting line width of the highly ionized emission line is 156 eV with a lower limit of 22 eV. This may be an indication of a broad Fe Kα line, though with low significance (∆χ 2 = 2.9 if the line width is fixed at 0). The broad relativistic Fe Kα line should be common in NLS1, as suggested by Liu et al. (2015) . They found a prominent broad Fe Kα line in the composite X-ray spectrum of a NLS1 sample consisting of 51 sources. As shown in the left panel of Fig. 2 , there is a large overlap between the NLS1 and high λ Edd sub-samples, thus it is not surprising that a broad line may be detected in the NLS1s if the properties of the broad line indeed depends on λ Edd as suggested in Section 4.1. The stacked spectrum of our NLS1 sub-sample can be well fitted with the relativistic line model. The low significance of the broad line in our NLS1 sub-sample may be due to the much lower S/N of the data (see Table 1 ). The EWs of the narrow (48 +56 −48 eV) and broad line (495 +288 −257 eV), as well as the BH spin (a < 0.53), are in agreement with the results found in Liu et al. (2015) .
No broad line feature is detected in the average spectrum of our BLS1 sub-sample and also the whole sample. Falocco et al. (2014 , see also Corral et al. 2008 Falocco et al. 2012 Falocco et al. , 2013 found a significant relativistic line in the stacked spectrum of a sample selected from the AGN catalogue built by Véron-Cetty & Véron (2010) , however. This may be simply due to the different samples used in different studies. The samples used in those previous works consist of different types of AGN, and often have very different properties (e.g. higher redshift and different luminosity range) comparing with our sample. Here we compared the results between the our BLS1 and NLS1 sub-samples, as well as the NLS1 sample presented in Liu et al. (2015) .
The non-detection of the broad line in the BLS1 sub-sample can be explained if the fraction of sources with relativistic Fe Kα line is lower, or the average EW of the broad line is relatively smaller, than that in the NLS1 (∼ 400 eV found in Liu et al. 2015) . To roughly estimate the fraction of sources with broad Fe Kα line in BLS1 galaxies we carry out simulations. Using the method described in Sec. 3.2, we simulate a set of 'observed' spectra for the sources in the BLS1 sub-sample. We assume that the fraction of sources with broad line is f in the simulated spectra of the BLS1 sub-sample. Spectra without a relativistic component are generated using the best-fitting continua of the sources, while for the remaining ones a broad line model is added to the best-fitting continua. The spin parameter is randomly distributed in the range of 0-0.998. In order to compare the average broad line profile for different inclination angles, we simulate spectra for three disc inclinations, i.e. i = 15 • , 30 • , 45 • . Two different distributions for the EW of the relativistic component are assumed. In the first case (referred as Case 1 hereafter) the line EWs are randomly drawn from a probability distribution constructed on the basis of the ∼ 44 sources (Brenneman 2013 , two sources with very strong broad Fe Kα, i.e. EW> 600 eV, are excluded) which have broad Fe Kα line measurements. The typical values for the EW of the broad line component in Case 1 are smaller than the average line EW found in the stacked spectrum of our NLS1 sub-sample, e.g. < 300 eV. In another case (Case 2) the EW of the broad line component in the simulation is fixed at a comparable value to the observed average EW of the broad Fe Kα line in NLS1, e.g. EW = 400 eV. The same stacking method is then applied to those simulated spectra. The results for Case 1 and Case 2 are shown in the left and right panel of Fig. 9 , respectively. The shadow areas represent the 1σ confidence intervals for the simulated composite spectra. The observed data of our BLS1 sub-sample are shown with blue points. The different colours represent the stacked line profiles for different disc inclinations (magenta: i = 15 • ; red: i = 30 • ; blue: i = 45 • ). It is obvious that the non-detection of the broad Fe Kα line is not surprising in Case 1, since the observed data is consistent with the simulated results for all the different disc inclinations even when f equals to 100 per cent. The fraction of sources with broad Fe Kα line in our BLS1 sub-sample should be much smaller than 50 per cent in Case 2 if the disc inclination is i = 15 • . For larger disc inclinations, e.g. 
Non-detection of broad line in the M BH sub-samples
No significantly broad line feature is detected in the stacked spectra of the M BH sub-samples, though an indication of broad line in the MBH3 sub-sample is present. This may suggest that the fraction of sources with broad Fe Kα line or/and the equivalent width of the broad Fe Kα line do not strongly depend on the black hole mass, considering that a broad line is detected in the high λ Edd sub-sample with similar S/N. The non-detection of broad Fe Kα line in the M BH sub-samples can also be understood if the EW of the broad line is mainly driven by the λ Edd . As shown in Fig. 3 , although the M BH is slightly correlated with λ Edd , there is a large dispersion of the λ Edd distribution in each M BH bin, which leads to a relatively small average EW of the broad line, thus make it difficult to be detected.
SUMMARY
In this paper, we use a large sample of AGN, which have well measured optical parameters, to investigate the dependence of the broad Fe Kα line on the physical parameters of AGN, such as the M BH , λ Edd , and optical classification, by means of X-ray spectral stacking. A broad Fe Kα line feature is detected (> 3σ ) in the high λ Edd sub-sample (log λ Edd > −0.9). Our results indicate a dependence of properties of the broad Fe Kα line on the λ Edd . Indications of the broad line is also found in the sub-samples with log M BH ∼ 7.84 M and the NLS1 sub-sample, though with low significance. No significant broad line feature is shown in the stacked spectra of the BLS1 sub-sample. This may suggest that the fraction of sources with broad Fe Kα line is low or the EW of the broad Fe Kα line is small in BLS1 galaxies, comparing with the NLS1 galaxies. Future large X-ray samples, such as those selected with eROSITA/XTP, are needed to improve the results.
